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1. Introduction
Blends of polyamide 6 (PA6) and polypropylene
(PP) have received much attention over recent
years, since they combine thermomechanical char-
acteristics of the former with the ease of processing
of the latter. Unfortunately, these polymers are
incompatible because of their different polarity and
crystalline morphologies [1]. Therefore, compatibi-
lizing agent has to be used to reduce the interfacial
tension and to improve the adhesion between two
constituents. Maleated PP (PP-g-MA) has well
been documented as one of the most effectively
compatibilizing agents for PA6/PP blends [2, 3].
Compounding polymers with inorganic materials
has long been an interesting topic of scientific
research and industrial applications, because inor-
ganic materials can be employed to improve the
mechanical properties, provide enhanced barrier
properties and reduce the flammability of the
resultant polymer composites [4]. Among various
inorganic fillers, montmorillonite clay with large
aspect ratios has proven to be particularly effective
in polymer matrix reinforcement [5]. However,
pristine MMT layers are not easily exfoliated in
most polymers due to the strong electrostatic forces
between them and to the chemical incompatibility
655
*Corresponding author, e-mail: zarifin.ishak@googlemail.com
© BME-PT and GTE
Enhancement of properties of PA6/PP nanocomposites via
organic modification and compatibilization
Kusmono1, Z. A. Mohd Ishak1*, W. S. Chow1, T. Takeichi2, Rochmadi3
1School of Materials and Mineral Resources Engineering, Engineering Campus, Universiti Sains Malaysia,
14300 Nibong Tebal, Pulau Pinang, Malaysia
2Department of Materials Science, Toyohashi University of Technology, Toyohashi 441-8580, Japan
3Department of Chemical Engineering, Gadjah Mada University, Jln. Grafika 2 Yogyakarta, Indonesia
Received 12 May 2008; accepted in revised form 6 August 2008
Abstract. Nanocomposites based on polyamide 6/polypropylene (PA6/PP = 70/30) blend containing organophilic mont-
morillonite (OMMT) and maleated polypropylene (PP-g-MA) as compatibilizer were prepared by melt compounding fol-
lowed by injection molding. Modification of montmorillonite (MMT) with dodecyalmine was successfully performed. The
morphological and mechanical properties of nanocomposites were investigated by using x-ray diffraction (XRD), transmis-
sion electron microscopy (TEM), tensile, flexural, and impact tests. The thermal stability of nanocomposites was character-
ized by using thermogravimetric analysis (TGA) and heat distortion temperature (HDT). XRD and TEM results indicated
that the intercalated structure was obtained for PA6/PP/MMT composite, a mixture of intercalated and exfoliated structures
for PA6/PP/OMMT nanocomposite, and exfoliated structure for PP-g-MA compatibilized PA6/PP/OMMT nancomposite.
Thermal stability and HDT of PA6/PP matrix were improved by the addition of both MMT and OMMT. The introduction
of PP-g-MA into the PA6/PP/OMMT nanocomposite enhanced the properties such as stiffness, strength, ductility, impact
strength, and HDT. This was attributed to the compatibilizing effect of PP-g-MA which improved interfacial adhesion
between OMMT with PA6/PP matrix and also promoted the degree of exfoliation of silicate layers in the PA6/PP matrix.
Keywords: nanocomposites, polyamide 6, polypropylene, OMMT, PP-g-MA
eXPRESS Polymer Letters Vol.2, No.9 (2008) 655–664
Available online at www.expresspolymlett.com
DOI: 10.3144/expresspolymlett.2008.78of the MMT surface with polymers. Long-chain
alkyl ammonium surfactants were usually
employed to pre-modify the MMT interlayer gal-
leries through cation exchange reactions so as to
weaken the interaction between adjacent layers and
to enhance the compatibility/wettability of the
MMT layer with the polymer matrix [6]. Dodecy-
lamine is one of most popular alkyl ammonium sur-
factants and has been widely employed for prepara-
tion of polymer nanocomposites. The dodecy-
lamine modified MMT improved the mechanical
properties for nanocomposites based on PA6 [7]
and PP [8]. Recently, nanocomposites based on
PA6/PP blends have been extensively studied by
many researchers [9, 10]. Most of them prepared
PA6/PP nanocomposites using a commercial
organoclay. To our knowledge, the application of
organic modification of MMT such as the dodecy-
lamine modified MMT for PA6/PP nanocompos-
ites was still limited.
In this work, nanocomposites based on PA6/PP
blends (PA6/PP = 70/30) were prepared by melt
compounding using a co-rotating twin screw
extruder followed by injection molding. The dode-
cylamine modified montmorillonite and PP-g-MA
were used as reinforcement and compatibilizer,
respectively. The influence of organic modification
and compatibilizer on the morphological and
mechanical properties of PA6/PP/OMMT nano-
composites was investigated by using X-ray dif-
fraction (XRD), transmission electron microscopy
(TEM), tensile, flexural, and impact tests. In addi-
tion, thermal stability was also characterized by
thermogravimetric analysis (TGA) and heat distor-
tion temperature tests.
2. Experimental
2.1. Materials
PA6 (Amilan CM 1017) used in this study was a
commercial product of Toray Nylon Resin AMI-
LAN, Japan. The melt flow index or MFI (at 230°C
and 2.16 kg load) and density of PA6 were
35 g/10 min and 1.14 g/cm3, respectively. PP (Pro-
Fax SM-240) was purchased from Titan Himont
Polymer (M) Sdn. Bhd., Malaysia. The MFI (at
230°C and 2.16 kg load) and density of PP were
25 g/10 min and 0.9 g/cm3, respectively. Poly-
propylene grafted with 1.2 wt% of maleic anhy-
dride (Polybond 3200) was purchased from
Uniroyal Chemical, Middlebury. Kunipia-F, sodium
montmorillonite (MMT) clay with cation exchange
capacity (CEC) of 119 meq/100 g, was supplied by
Kunimine Industry Co., Japan. The alkyl ammo-
nium salt used to modify Na-MMT clay was dode-
cylamine [CH3(CH2)11NH2], supplied from Kishida
Chemical Co., Osaka Japan. The designation and
composition of samples tested are given in Table 1.
2.2. Preparation of OMMT
Organophilic montmorillonite (OMMT) was pre-
pared by cation exchange of MMT with dodecy-
lamine according to a method reported by Agag
and Takeichi [11]. Dodecyl ammonium chloride
solution was prepared by the addition of 4.17 g of
conc. HCl (40 mmol) to 7.41 g of dodecylamine
(40 mmol) in 1000 ml of distilled water. The mix-
ture was stirred at 80°C until a clear solution was
obtained, indicating the formation of dodecyl
ammonium chloride. To this solution, a suspension
of 20 g of MMT in 1000 ml of distilled water was
added; the mixture was mechanically stirred at
80°C for 5 hours. The obtained white precipitate
was collected by suction filtration and then washed
by hot water to remove salt. This process was
repeated several times until no chloride was
detected in the filtrate by 0.1 N AgNO3. The result-
ant precipitate was air-dried, ground in mortar,
sieved to obtain powders, and finally dried in an
air-blowing oven at 110°C for 3 days, affording
white powder. The modified MMT was termed
OMMT.
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Table 1. Designation and composition of samples
Sample designation Composition Parts [phr]
PA6/PP PA6/PP 70/30
PA6/PP/PP-g-MA PA6/PP/PP-g-MA 70/30/5
PA6/PP/MMT PA6/PP/MMT 70/30/4
PA6/PP/OMMT PA6/PP/Dodecylamine modified MMT 70/30/4
PA6/PP/OMMT/PP-g-MA PA6/PP/Dodecylamine modified MMT/PP-g-MA 70/30/4/52.3. Sample preparation
PA6/PP/OMMT nanocomposites were prepared in
a co-rotating intermeshing twin-screw extruder
(BERSTORFF ZE 25, Germany) at temperature
ranging from 230 to 240°C and at a screw speed of
70 rpm. The extrudates were then injection-molded
into standard tensile (ASTM D638 type I) and flex-
ural specimens (ASTM D790) using an injection
molding machine (Haitian HTF160X, China). The
barrel zone temperatures were set at 190, 235, 250,
255, 260, and 250°C and a mold temperature of
110°C. Prior to extrusion and injection molding, all
pellets and clay were dried in an oven at 80°C for
15 hours.
2.4. Characterization and mechanical testing
Fourier transform infra-red spectroscopy (FT-IR)
analysis of MMT and OMMT were performed on
JASCO spectrophotometer model FT/IR-420, Japan.
About 2 mg of sample was mixed with 200 mg of
potassium bromide (KBr) prior to compacting into
thin pellets with a hydraulic press. FTIR spectra
were obtained from KBr pellets at wave numbers
from 400–4000 cm–1. X-ray diffraction measure-
ments were conducted directly from MMT and
OMMT powders while for the nanocomposites
were carried out on bars. All these experiments
were performed in reflection mode with a D5000
diffractometer (Siemens, Germany) using CuKα
radiation at a scan rate of 0.3°/min in a 2θ range of
2–10°, and operated at 30 kV and 20 mA. TEM
measurements were carried out with a JEOL JEM-
200CX TEM (Japan) operating at an accelerating
voltage of 200 kV. The specimens were prepared
using a Leica Ultracut UCT ultramicrotome. Ultra-
thin sections of about 60 nm in thickness were cut
with a Diatome diamond knife (35°) at room tem-
perature.
The thermal stability of samples was studied using
thermogravimetric analysis (TGA; Perkin-Elmer
TGA-6, USA). The sample was heated from room
temperature to 600°C at 10°C/min under nitrogen
atmosphere. Heat distortion temperature (HDT) of
samples was measured using specimens having
dimensions 125×12.50×3.0 mm3 according to
ASTM D 648. The test was conducted at a heating
rate of 2°C/min and a fiber stress of 1.8 MPa using
a 4 Station Advanced HDT/Vicat Softening Point
Apparatus (Ray-Ryan Test Equipment Ltd, UK).
Tensile and flexural tests were performed on a uni-
versal testing machine (Instron 3366, USA) at room
temperature according to ASTM D638 type I and
ASTM D790, respectively. Tensile test was con-
ducted at a crosshead speed of 50 mm/min. For
flexural test, a three-point bending configuration
was selected with a support span length of 50 mm
and a crosshead speed of 3 mm/min. Izod impact
test was carried out on notched specimens using a
Pendulum Hammer Impact 25 S/N V67R (Gald-
abini, Italy) according to ASTM 256-02 with a
impact speed of 3.46 m/s.
3. Results and discussion
3.1. FT-IR analysis
Figure 1 shows the FT-IR spectra of MMT and
OMMT. The absorption peaks at 3629, 1643, 1043,
914, and 521 cm–1 correspond to –OH stretching,
–OH bending, Si–O stretching, –OH bending, and
Si–O bending, respectively, which are characteris-
tic absorption bands of MMT. In addition to those
peaks, OMMT also exhibits peaks at 3251 and
2920 cm–1 corresponding to N–H stretching and
–CH3 stretching, respectively, while peaks at both
2850 and 1469 corresponds to –CH2 stretching.
This indicates that dodecylammoniun has been
intercalated into the galleries of MMT by a cation
exchange reaction.
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Figure 1. FT-IR spectra of MMT and OMMT3.2. XRD
Figure 2 presents the XRD patterns of MMT and
OMMT. MMT and OMMT depict the characteris-
tic diffraction peaks at 2θ = 7.12 and 5.44° corre-
sponding to basal spacing (d001) of 1.24 and
1.62 nm, respectively. Thus, OMMT exhibits a
larger basal spacing than MMT. The expanded
basal spacing suggests that the dodecylammonium
has intercalated into the galleries of MMT, which is
in agreement with the FT-IR results discussed ear-
lier. The increase in basal spacing also indicates the
successful modification of MMT through a cation
exchange reaction.
Figure 3 shows the XRD patterns of PA6/PP blends
and its nanocomposites. After incorporating of the
MMT into PA6/PP matrix by melt compounding,
the diffraction peak of MMT shifts to 2θ = 6.29°,
with a basal spacing of 1.40 nm, indicating a slight
increase in basal spacing. This suggests the poly-
mer molecular chains have entered into the gal-
leries of MMT and the intercalated structure is
formed in the PA6/PP/MMT composite. In the
XRD pattern of PA6/PP/OMMT nanocomposite, a
broad shoulder peak appears at 2θ = 2.99° corre-
sponding to a basal spacing of 2.95 nm. The pres-
ence of a broad shoulder peak probably indicates
the formation of a mixture of intercalated and exfo-
liated structures in the PA6/PP/OMMT nanocom-
posites [4]. After introduction of PP-g-MA into
PA6/PP/OMMT, the diffraction peak of OMMT
disappears in the XRD pattern of PA6/PP/OMMT/
PP-g-MA nanocomposite. The absence of diffrac-
tion peak indicates the formation of exfoliated
structure in the nanocomposite [4]. Thus, the pres-
ence of PP-g-MA in the PA6/PP/OMMT has pro-
moted the dispersion and exfoliation of OMMT in
the PA6/PP matrix. This may be attributed to the
strong hydrogen-bonding interaction between
maleic anhydride group in PP-g-MA and amine
group in organic modifier of organoclay. This leads
the expansion of interlayer spacing and further
weakening of the interaction between the silicate
layers. Furthermore, it will facilitate the intercala-
tion of polymer matrix chains into the silicate gal-
leries and results in the formation of the exfoliated
structure [12].
3.3. TEM
Figures 4–6 display the TEM images of PA6/PP/
MMT, PA6/PP/OMMT, and PA6/PP/OMMT/PP-
g-MA nanocomposites, respectively. The dark lines
represent the intersection of silicate layers whereas
the gray background corresponds to PA6 phase. A
poor dispersion of clay platelets, i.e. intercalated
clay layers stacks and large clay aggregates can be
observed in the TEM image of PA6/PP/MMT com-
posite (cf. Figure 4). This may be attributed to the
presence of strong electrostatic forces between clay
layers [6]. The most exfoliated silicate layers and
658
Kusmono et al. – eXPRESS Polymer Letters Vol.2, No.9 (2008) 655–664
Figure 3. XRD patterns of PA6/PP blends and its
nanocomposites
Figure 2. XRD patterns of MMT and OMMTfew intercalated clay layers stacks are observed in
the PA6/PP/OMMT nanocomposite (cf. Figure 5).
This suggests the formation of a mixture of interca-
lated and exfoliated structures in the nanocompos-
ite. For PA6/PP/OMMT/PP-g-MA nanocomposite
(cf. Figure 6), the individual silicate layers are
homogenously dispersed in the PA6 phase, hence
suggesting the formation of exfoliated structure.
Accordingly, the presence of PP-g-MA in the
PA6/PP/OMMT nanocomposite promoted the dis-
persion and exfoliation of silicate layers in the PA6
phase. When PA6/PP matrix, OMMT, and PP-g-
MA were mixed together, PP-g-MA could easily
penetrate the interlayer of organoclay. The driving
force for intercalation originates from the strong
hydrogen bonding between maleic anhydride
groups in PP-g-MA and amine groups in organ-
oclay and leads to the expansion of interlayer spac-
ing and a further weakening of interactions
between the silicate layers [12]. This facilitates the
intercalation of PA6 chains into silicate galleries
and resulted in the formation of the exfoliated
structure as confirmed by XRD results earlier. The
better dispersion obtained by the addition of com-
patibilizer was also found by Pegoretti et al. [13]
for PE-g-MA compatibilized PE/clay nanocompos-
ites. Furthermore, the white particle dispersed in
the PA6 phase corresponds to the PP phase without
silicate layers inside (cf. Figures 5 and 6). The
strong tendency of silicate layers to be located in
the PA6 phase could be attributed to the fact that
the silicate layers has a higher affinity to the more
polar PA6 phase instead of PP phase. This is in
agreement with our previous works on nanocom-
posites based on PA6 matrix [14] and PA6/PP
blend [15] whereby AFM was used to prove the
affinity of nanoclays to PA6 phase.
3.4. TGA
Figure 7 shows the TGA curves of MMT and
OMMT. Below 100°C, MMT exhibits a relatively
higher weight loss than OMMT corresponding to
the removal of water from interlayer coordinated to
Na+. At this temperature, the weight loss for
OMMT is lower because of the organophilic prop-
erties of OMMT containing alkyl ammonium ions
[12]. The weight loss observed at 100–600°C for
MMT may be attributed to the decomposition of
hydrogen-bonded water molecules and some of the
OH group from tetrahedral sheets [16]. On other
hand, the greater weight losses displayed by
OMMT in this temperature range could be
explained mainly by the decomposition of interca-
lated ammonium and partly by the adsorbed water
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Figure 4. TEM image of PA6/PP/MMT composite Figure 6. TEM image of PA6/PP/OMMT/PP-g-MA
nanocomposite
Figure 5. TEM image of PA6/PP/OMMT nanocompositemolecules below 220°C [17]. In the temperature
range of 600–850°C, the weight losses for MMT
and OMMT was probably associated with the
dehydroxylation of MMT [18].
Figure 8 displays the TGA curves of PA6/PP
blends and its nanocomposites. It can be seen that
all samples displayed single-step degradation
process. According to Liu et al. [19], the onset of
decomposition temperature was characterized by
the temperature at 5% weight loss (T5%) and sum-
marized in Table 2. The decomposition of PA6/PP
matrix started at 358°C, whereas the onset of
decomposition for PA6/PP/PP-g-MA was observed
at 391°C. This result indicates that the addition of
PP-g-MA significantly improved the thermal sta-
bility of PA6/PP matrix. This could be attributed to
the interaction (compatibility) between the maleic
anhydride group of PP-g-MA and the amine termi-
nal group of PA6 leading to the formation of a PP-
g-PA6 copolymer, which could act as a compatibi-
lizer [20]. Furthermore, the onset of decomposition
for PA6/PP/MMT and PA6/PP/OMMT was
observed at 362 and 371°C, respectively. This indi-
cates that the incorporation of both MMT and
OMMT improved the thermal stability of PA6/PP
matrix at the beginning of degradation stage. The
improvement in the initial degradation temperature
could be associated with the clay as an inorganic
material with high thermal stability and great bar-
rier properties that can prevent the heat from trans-
mitting quickly and can limit the continuous decom-
position [21]. Furthermore, the initial decomposi-
tion temperature of PA6/PP/OMMT nanocompos-
ite decreased, i.e. 355°C in the presence of PP-g-
MA. The degradation of PP-g-MA is probably
believed to be responsible for the observed trend.
Furthermore, in the temperature range of 400–
500°C, the PA6/PP/OMMT/PP-g-MA nanocom-
posite exhibited higher decomposition temperature
than the PA6/PP blend and uncompatibilized
PA6/PP/OMMT nanocomposites, indicating the
enhancement of the thermal stability. The better
dispersion and exfoliation of silicate layers in the
polymer matrix for the PA6/PP/OMMT/PP-g-MA
as confirmed by the XRD and TEM results earlier
may be responsible for the improved thermal stabil-
ity. The dispersed nanoscale silicate layers in the
polymer matrix could be more effective in hinder-
ing diffusion of volatile decomposition products
within the nanocomposite [22].
3.5. HDT
Table 2 summarizes the HDT of PA6/PP blends
and its nanocomposites. It can be seen that HDT of
PA6/PP blend slightly increased in the presence of
PP-g-MA. Furthermore, the addition of both MMT
and OMMT increased the HDT of PA6/PP blend.
This confirms the improved thermal stability of the
PA6/PP blend with the presence of clay particles.
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Figure 7. TGA curves of MMT and OMMT
Figure 8. TGA curves of PA6/PP blends and its nanocom-
posites
Table 2. T5% and HDT of PA6/PP blends and its nanocom-
posites
Sample designation T5% [°C] HDT [°C]
PA6/PP 358 90
PA6/PP/PP-g-MA 391 92
PA6/PP/MMT 362 98
PA6/PP/OMMT 371 109
PA6/PP/OMMT/PP-g-MA 355 113The presence of strong hydrogen bonds between
the polymer matrix and clay surface is believed to
be responsible for the increased HDT [23]. Com-
pared with the PA6/PP/MMT composite, the PA6/
PP/OMMT nanocomposite exhibited better improve-
ment in HDT due to the better dispersion and exfo-
liation of clay layers in the polymer matrix. Similar
observations were reported by Mohanty and Nayak
[22] and Xie et al. [23] for PA6/montmorillonite
nanocomposites. They found that the exfoliated
PA6/OMMT nanocomposites showed larger
improvement in HDT as compared to the interca-
lated PA6/MMT nanocomposites. Furthermore, the
slight increase in the HDT of PA6/PP/OMMT
nanocomposite in the presence of PP-g-MA could
be attributed to the compatibilization effect of PP-
g-MA.
3.6. Mechanical properties
Table 3 illustrates the tensile properties of the
PA6/PP blends and its nanocomposites. It can be
seen that the presence of PP-g-MA decreased the
tensile modulus and strength of PA6/PP blend. The
low modulus of PP-g-MA may be believed to be
responsible for the observed trend. The addition of
both MMT and OMMT significantly increased the
tensile modulus of PA6/PP blend. This may be due
to the reinforcement effect of the rigid inorganic
clay and the constraining effect of silicate layers on
molecular motion of polymer molecular chains [4,
6]. On other hand, the presence of both MMT and
OMMT did not improve but decreased the tensile
strength of PA6/PP blend. The poor dispersion of
clay platelets as confirmed by the presence of a
mixture of intercalated and exfoliated structures is
believed to be responsible for the reduced tensile
strength. It is interesting to note that the tensile
modulus and strength of PA6/PP/OMMT signifi-
cantly increased by the addition of PP-g-MA. By
the addition of both OMMT and PP-g-MA, the ten-
sile modulus and strength of PA6/PP matrix were
increased by 27 and 30%, respectively. This remark-
able improvement could be attributed to the com-
patibilizing effect of PP-g-MA. The presence of
PP-g-MA improved the interfacial adhesion
between PA6, PP, and OMMT resulting from the
formation of PP-g-PA6 copolymer; besides pro-
moting dispersion and exfoliation of OMMT in the
PA6/PP matrix as confirmed by XRD and TEM
results discussed earlier. It is accepted that the
hydrogen bonding could form between the amide
group of the PP-g-PA6 copolymer and amine group
of organic modifier in the OMMT. This amide-
amine reaction could happen when the OMMT was
exfoliated in the PA6/PP matrix; subsequently the
amine group of organic modifier is capable of
forming a chemical linkage with PP-g-PA6 copoly-
mer. The formation of PP-g-PA6 and the chemical
linkage of PP-g-PA6 copolymer with organic mod-
ifier of OMMT have been reported in our previous
study [24] for PP-g-MA compatibilized PA6/PP
nanocomposites using commercial organoclay with
the organic modifier of octadecylamine (Nanomer
I30TC, USA). The tensile strength of PP-g-MA
compatibilized PA6/PP nanocomposites containing
OMMT with the organic modifier of dodecylamine
(51.81 MPa) is higher than the commercial organ-
oclay (49.6 MPa). This could be attributed to the
OMMT containing dodecylamine is more effective
for the formation of the exfoliated structure.
Reichert et al. [8] have reported a similar observa-
tion where the presence of PP-g-MA enhanced the
tensile modulus and strength of PP/organoclay
nanocomposites due to the improved interfacial
adhesion between PP and organoclay.
From Table 3, it is evident that the elongation at
break of PA6/PP blend drastically increased with
the presence of PP-g-MA. This could be attributed
to the formation of PP-g-PA6 copolymer which
improved interfacial adhesion between PA6 and PP
phases. Furthermore, the addition of both MMT
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Table 3. Mechanical properties of PA6/PP/OMMT nanocomposites
Sample designation
Tensile 
modulus
[GPa]
Tensile
strength
[MPa]
Elongation
at break
[%]
Flexural
modulus
[GPa]
Flexural
strength
[MPa]
Impact
strength
[kJ/m2]
PA6/PP 1.76 ± 0.02 39.96 ± 0.43 12.21 ± 0.75 1.91 ± 0.05 62.50 ± 1.25 5.47 ± 0.45
PA6/PP/PP-g-MA 1.60 ± 0.00 30.70 ± 1.80 55.70 ± 6.30 1.70 ± 0.00 59.20 ± 0.40 6.10 ± 0.40
PA6/PP/MMT 1.95 ± 0.02 38.65 ± 0.82 08.15 ± 0.91 2.32 ± 0.05 62.51 ± 0.03 3.58 ± 0.18
PA6/PP/OMMT 2.01 ± 0.03 38.67 ± 0.46 02.72 ± 0.14 2.56 ± 0.04 62.22 ± 0.42 1.55 ± 0.05
PA6/PP/OMMT/PP-g-MA 2.23 ± 0.03 51.81 ± 0.88 03.46 ± 0.13 2.56 ± 0.03 78.47 ± 1.89 1.88 ± 0.11and OMMT drastically decreased the elongation at
break of PA6/PP matrix. This suggests that the
PA6/PP matrix became brittle in the presence of
clay particles. The reduction in ductility was attrib-
uted to the constrained mobility of polymer chains
in the presence of clay particles [25]. The higher
ductility observed for the PA6/PP/MMT compared
to PA6/PP/OMMT nanocomposite may be attrib-
uted to the intercalated structure in the PA6/PP/
MMT composite and a mixture of intercalated and
exfoliated structure in the PA6/PP/OMMT nano-
composite. Masenelli-Varlot et al. [26] reported
that the intercalated PA6/clay nanocomposites had
a higher elongation at break than exfoliated nano-
composites. The slight increase in elongation at
break was obtained for the PP-g-MA compatibi-
lized PA6/PP/OMMT nanocomposite albeit it was
still lower than the PA6/PP blend. The improved
interfacial adhesion between PA6, PP, and OMMT
resulting from the formation of PP-g-PA6 a copoly-
mer is believed to be responsible for the observed
trend.
Table 3 also highlights the flexural properties of the
PA6/PP blends and its nanocomposites. The addi-
tion of PP-g-MA reduced the flexural modulus and
strength of PA6/PP blend. This trend resembles that
of the tensile properties. The reduction in flexural
properties could be attributed to the low molecular
weight and low modulus of PP-g-MA. The incorpo-
ration of both MMT and OMMT significantly
increased the flexural modulus of PA6/PP blend.
This could be attributed to high stiffness and aspect
ratio of silicate layers [27]. Compared with the
PA6/PP/MMT composite, the flexural modulus of
PA6/PP/OMMT nanocomposite was higher because
of the nanoscale structure, the large aspect ratio, the
large surface area of the layered silicates, and the
corresponding strong interaction between polymer
molecules chains and silicate surface [28]. On other
hand, the flexural strength of PA6/PP matrix
remained unchanged by the addition of both MMT
and OMMT. However, the flexural properties of
PA6/PP/OMMT nanocomposite significantly
increased by the addition of PP-g-MA as in case of
tensile properties discussed earlier. This may be
again attributed to the compatibilizing effect of PP-
g-MA in which improved the interfacial adhesion
and promoted the degree of exfoliation of OMMT
in the PA6/PP matrix.
From Table 3, it can also be noted that the incorpo-
ration of PP-g-MA led to an increase in impact
strength of the PA6/PP blend. A similar trend to
that of the elongation at break was observed. The
enhanced impact strength may be attributed to the
improved interfacial adhesion between PA6 and PP
resulting from the formation of PP-g-PA6 copoly-
mer [3]. The incorporation of both MMT and
OMMT drastically decreased the impact strength of
PA6/PP blend. The reduction in toughness may be
attributed to the lack of the crack front deflection
and cavitation mechanisms in the clay-polymer
nanocomposites reinforced with silicate nano-lay-
ers of high stiffness [29]. According to Nair et al.
[30], the reduction in toughness of polyamide 6,6/
clay nanocomposites may be caused by the forma-
tion of micro voids or micro cracks in the crack-tip
region and tend to reduce toughness. The lower
impact strength observed for the PA6/PP/OMMT
compared to the PA6/PP/MMT could be attributed
to a mixture of intercalated and exfoliated struc-
tures in the nanocomposite. According to Miya-
gawa et al. [31], the individual exfoliated clay
platelets (~1 nm in thickness) are not effective to
prevent the crack from propagating. It is easy to
break the exfoliated clay platelets due to their high
stiffness. Consequently, the PA6/PP/OMMT nano-
composite has low impact strength. Cavitation may
occur in the vicinity of intercalated clay platelets in
the PA6/PP/MMT composite. Cavitation mecha-
nism may be believed to be responsible for higher
impact strength in the PA6/PP/MMT [32]. Further-
more, the slight increase in impact strength could
be observed for the PA6/PP/OMMT in the presence
of PP-g-MA. The improved interfacial adhesion
resulting from the formation of a PP-g-PA6 copoly-
mer is believed to be responsible for the slight
increase in toughness. The improvement in impact
strength by the addition of PP-g-MA was also
reported by Liu et al. [33] for PA6/clay nanocom-
posites.
4. Conclusions
The organic modification of MMT with dodecy-
lamine was successfully performed as confirmed
by the FTIR (the presence of organic groups such
as –NH and –CH) and XRD results (the expanded
basal spacing). XRD and TEM results revealed that
the intercalated structure was formed for PA6/PP/
662
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exfoliated structures for PA6/PP/OMMT nanocom-
posite, and exfoliated structure for PP-g-MA com-
patibilized PA6/PP/OMMT nanocomposite. The
addition of both MMT and OMMT improved stiff-
ness, thermal stability, and HDT but reduced tough-
ness of PA6/PP matrix. The presence of PP-g-MA
in the PA6/PP/OMMT nanocomposite enhanced
properties such as stiffness, strength, ductility,
impact strength, and HDT.
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